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Abstract 
  Our group is now working for more than 15 years, in a close partnership with CEA, on the development of acoustic 
sensors devoted to the characterization of fission gas release for in-pile experiments in Material Testing Reactor.  
 First of all, we will present the main principle of the method and the result of a first succeed experiment called 
REMORA 3 used to differentiate helium and fission gas released kinetics under transient operating condition [1]. Then we will 
present our new researches involving thick film transducers produced by screen-printing process in order to propose piezoelectric 
structures for harsh temperature and irradiation measurements in new MTR reactor. 
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1. Introduction 
The development of advanced instrumentation for in-pile experimentation in Material Testing Reactor (MTR) 
constitutes a main goal for the improvement of irradiated nuclear fuel behavior knowledge [1]. The main goal is to 
differentiate helium and fission gas (typically xenon and krypton) release under transient operating condition and to 
better understand the mechanism involved, a specific sensor acoustic method has been developed by CEA and CNRS 
(Institute of Electronic and System – Joint Research Unit CNRS/Montpellier University). 
In this paper we will first present the development and the result of an acoustic sensor for REMORA 3 experiment; 
an experimental irradiation performed in the OSIRIS reactor at CEA Saclay Research Center in 2010, on the 
instrumented fuel rodlet. 
Then we will present a new research involving thick film transducer produced by screen-printing process in order 
to propose piezoelectric structure for new reactor application (300°C/400°C). 
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2. Physical background and REMORA 3 development 
2.1. Physical background and measurement principle. 
The main principle of the gas molar and composition determination by acoustic method [2] consist in measuring 
the time of flight of an acoustic signal emitted and reflected in a specific cavity.  
The acoustic celerity depend on the molar mass and with an accurate geometry of the cavity, the speed of sound c 
is calculated using the time of flight. 
 
 
 
Where L is the length of the cavity and c is the speed of sound of the gas mixture. In the case of an ideal gas, the 
molar mass can be deduced directly from the speed of sound with the relation (2). With Ȗ the ration of the specific 
heat of the molar gas at constant pressure CP to the specific heat at constant volume CV; R the ideal gas constant 
(8,314J.K-1.mol-1); T the average gas temperature in the acoustic cavity; M the molar mass (kg/mol-1) and x the molar 
fraction. 
Knowing the temperature and the specific heat ratio, the speed of sound measurement allows determining the molar 
mass, and for binary mixture, the gas composition. The acoustic emitter is a piezoelectric ceramic disc (Lead 
Zirconate Titanium, PZT). It is brazed on a stainless steel plate as showed on Fig 1.a. [3] 
The stainless plate is welded on the upper part of a cavity in order to insulate the plenum volume from outside, 
regarding the safety. The geometry of the device need to be optimum: parallelism between the emitter and the 
reflector plate, length and diameter of the cavity to avoid echoes amplitude attenuation and to separate each echoes. 
2.2. Remora3 experiment 
And then from 2003 to 2008, the device evolved from a laboratory setup to an industrial prototype and a patent. 
During the development of the device the piezoelectric element has been test for temperature resistance up to 300°C 
and for radiation resistance. Test with a total of gamma ray dose of approximately 1.5 Mgy and with a radiant fluence 
of 1.6e17 n/cm2 to thermal neutrons and 1.6e16 n/cm2 to fast neutrons. 
And finally in 2010 the REMORA 3 experiment enabled continuous on-line monitoring of fission gas release for 
the entire duration of the experiment with a precision of ± 4 m/s for the speed of sound and ± 2 mol % for the molar 
fraction of fission gas and helium. [1] 
Though the REMORA 3 sensor has a working temperature up to 200°C, the new MTR needs multi-sensor with a 
working temperature of 300/400°C. So we investigated the two problems separately. First the brazing, that cannot be 
used for high temperature because of its melting point. Then the PZT based material owing to its Curie temperature. 
Concerning the brazing a new technic has been investigated, indeed the screen printing process presents the 
integration potentiality needed. 
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Figure 1 : a.Acoustic sensor drawing; b. REMORA3 acoustic sensor 
a. b. 
294   F. Very et al. /  Physics Procedia  70 ( 2015 )  292 – 295 
 
3. Screen Printing Process  
3.1. Fabrication process 
The screen printing process is one of the oldest technic methods of graphic art reproduction. However it is still in 
development and it is few used for piezoelectric thick film application. The paste is applied to the upper surface of the 
screen and a flexible squeegee is traversed across the pattern surface. The patterns on the screen are printed on the 
substrate. Then printed substrates are subjected to a heat treatment which is composed of several drying cycles, at air 
then at low temperature 150°C between each deposit, and a high temperature firing cycle at 850°C. [4] 
Five print cycles are necessary to the fabrication of our device (Fig.2.a) on a 700μm thick alumina substrate. Three 
layer of PZT ink produce in our laboratory [5] are deposed between two layers of silver from ESL. Then the device is 
polled at 2V.ȝm-1 and a temperature of 200°C for 18 min (Fig.2.b.). 
 
 
Figure 2 : a.Photograph of screen-printing device and its schematic cross section; b. Current vs time measurement during polarization 
3.2. Characterization process 
Once the screen printed transducer is polled we looked at its characteristics to highlight the interest of this process 
in our problematics. First by direct measurement we investigated the piezoelectric coefficient, d33eff, the dielectric 
capacitance, C, and dielectric loss, tan į to evaluate the efficiencies of the structure and the polarization. Moreover, 
the measurement of the dielectric property for different ranges of frequency and temperature highlights the Curie 
temperature of PZT material.  
To finish, we used a frequency scanning of the electrical impedance or admittance to spotlight the resonance 
frequencies of the structure. Then with the IEEE norm [5] we determined the coupling factor Kt and the modulus of 
elasticity Y. Where Fa is the ant resonance frequency and Fr is the resonance frequency. 
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3.3. Screen printed PZT characteristics 
We present here the characteristics of a specific screen printed transducer of 115ȝm, Table.1. The parameters of 
our sample are in the state of the art for screen printed device [6]. Moreover the coupling factor, the Curie temperature 
and working temperature are on pair with a PZT disc, Pz27 used in REMORA 3 development. 
TABLE I. PARAMETER MEASUREMENT 
Properties of PZT Symbol Dimension Measurement 
Piezoelectric Coefficient d33EFF pC.N-1 130 ± 2% 
Relative permittivity İr 1 500 ± 10% 
Curie Temperature Tc °C 345 ± 5% 
Dielectic loss tanį 1 0.019 ± 5% 
Resonance Frequency Fr MHz 12.6 ± 5% 
Modulus of elasticity Yp GPa 109 ± 5% 
Coupling Factor Kt 1 0.44 ± 5% 
 
ൎ115ʅm 
(5) (6) 
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4. High temperature piezoelectric element 
Now that we have highlighted the interest of the screen printing process in our problematic, it is needed to change 
the piezoelectric based material. Indeed for the new reactor a higher using temperature is needed, at least 300°C. So 
we decided to work on the Bismuth Titanate (BIT) [7], a high Curie temperature piezoelectric element. We made a 
hydrothermal synthesis of fine BIT powder that we crystallized at 700°C. The X-Ray diffraction showed that we have 
an 80% correlation with the state of the art, (Fig3.a.).  
 
 
Then using the same process as the PZT powder we made our first BIT transducer of 30ȝm thickness. However the 
thick film shows breakdown phenomena even with low temperature and voltage polling process due to the low 
resistivity of the BIT is a problem for the polling (Fig.3.b.). And to increase the piezoelectric characteristic it is 
needed to increase the polling voltage. 
5. Conclusion and perspective. 
From 2003 to 2011, we developed an Acoustic sensor that permit to make the first on-line monitoring of fission 
gas release for the entire duration of the REMORA3 experiment. Then due to the 200°C working limitation of the 
sensors, two points has been developed. First we highlighted the potentiality of a new process and presented a screen 
printed transducer of PZT on alumina substrate with characteristic at the state of the art. Then we synthetized a high 
temperature piezoelectric powder and created a screen printed BIT transducer. 
However the BIT transducer presents a high conductivity that limits our polling process. So we decided that we 
will work on two different solutions. The first one will be to decrease the conductivity of the BIT layer by adding 
dopant during the synthesis. The second one will be to work on another polling process with pulse.  
Then the next step will be to test the screen printed piezoelectric with the radiation. Shortly an irradiation will be 
realized in order to investigate their reliability towards neutron fluence. 
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Figure 3 : a.X-Ray diffraction of the BIT powder crystallized at 700°C; b.Polling curve of the screen printed BIT transducer. 
a. b.
